Hydrocortisone markedly affected carbohydrate, protein, lipid and electrolyte metabolism of cholesterol-fed cockerels (intact, alloxanized and depancreatized). Despite steroid-induced diabetes and hyperadrenalism, associated with enhancement of hypercholesterolemic hyperlipemia, no hypertension or intensification of atherogenesis (aortic or coronary artery) supervened. Corticotropin (ACTH) produced similar effects. Cortisone was relatively inactive as a glycocorticoid in this avian species. Despite its apparently slight metabolic activity, however, it moderately elevated blood pressure and intensified atherogenesis.
H UMAN beings with hyperadrenocorticism (e.g. Cushing's syndrome) frequently develop premature, severe atherosclerosis.7' 8 This fact assumes new importance at the present time, when chronic hyperadrenocortical states are being artificially induced on a large scale for therapeutic purposes. The widespread utilization of corticotropin (ACTH) and adrenal steroids in clinical medicine compels a thorough-going examination of their effects on atherogenesis. Towards this end, we previously studied the influences of desoxycorticosterone acetate (DCA) on avian experimental atherosclerosis.9 The present investigation analyzed the effects of cortisone (compound E), hydrocortisone (compound F), and adrenocorticotropic hormone (ACTH)* on blood pressure, lipemia, glyce-mia, and aorta and coronary atherogenesis in cholesterol-fed cockerels. Further, these experiments were designed to study the influence of the diabetic state on lipid metabolism and atherogenesis in chicks. Sustained diabetes mellitus was induced for the first time in this avian species by a combination of alloxanization or pancreatectomy plus the glucocorticoid compound F.8' [10] [11] [12] [13] [14] [15] 
METHODS
The experimental designs and technics were generally in accord with the standardized procedures of the department's atherosclerosis research group.8
Altogether, five series of chronic experiments were completed, one with cortisone, two with hydrocortisone and two with corticotropin (ACTH), utilizing a total of 178 chicks (table 1). One day old Hyline cockerels were obtained from a commercial hatchery and reared in a battery brooder. They were maintained on a chick starter mash and tap water ad lib. prior to institution of the experimental regimens. In essence, these experimental regimens involved the study of pairs of intact cholesterol-fed cockerels, one group (control) of the pair receiving no hormone, the other (experimental) receiving parenteral hormone (table 1) . Further, the experiments with compound F included pairs of alloxanized and depancreatized cockerels, in order to study cholesterolinduced experimental atherogenesis in insulindeficient steroid-diabetic chicks. Two intravenous injections of alloxan (50 mg.) were given at intervals of one week, one or two weeks before institution of the experimental regimens. Pancreatectomy was similarly accomplished two to three weeks prior to beginning the study. Completeness of pancreatectomy was confirmed at autopsy. A weekly record was kept of feed intake, weight and comb size of individual birds. Water intake data were also collected over several days during Circulation, Volume X, August, 1954 [ I All hormones given parenterally. the study. Serial blood samples were drawn and heparinized for determination of blood glucose,'6 plasma sodium and potassium,* plasma total cholesterol'7T 18 and lipid phosphorus.'9 At the preterminal bleeding, sera were also collected for ultracentrifugal analysis of circulating lipoproteins.2022t Blood pressures were obtained just prior to sacrifice by direct puncture of a sciatic artery, utilizing the Lilly electromanometer and the Sanborn polyviso recorder. In a few birds of series BC 13, hematocrits (Wintrobe) ,23 insulin tolerance tests24 and eosinophil counts23 25 were done preterminally. The animals were killed by decapitation. Following complete autopsy, including determination of organ weights, thoracic and abdominal aortas were evaluated for gross atherosclerosis; subsequently, Sudan IVstained frozen sections of the formalin-fixed hearts were studied microscopically for coronary lesions. The standardized methods of the department were utilized for grading gross aorta and microscopic coronary atherogenesis.8' 26 * Sodium and potassium were analyzed with the Beckman flame photometer.
t The ultracentrifuge analyses were accomplished by Drs. Lena Lewis and Irvine H. Page of the Cleveland Clinic Foundation. We gratefully acknowledge their cooperation in this conjoint effort. The ultracentrifuge data will be the subject of a separate communication.
RESULTS

Plasma glucose and lipid levels (table 2).
Hydrocortisone induced a significant sustained hyperglycemia in cholesterol-fed cockerels, which tended to be more marked in the alloxanized, and most marked in the depancreatized birds. Glycosuria was observed in the more hyperglycemic chicks of the three compound F treated groups (groups 6, 8 and 10, series BC 13 and 15, table 2). These steroid-diabetic cockerels responded to insulin injection (0.5 unit per kilogram) with only a slight reduction in blood sugar levels, followed by a marked enhancement ("rebound") of hyperglycemia (table 3) . Corticotropin (ACTH) and cortisone in large doses were without effect on glycemia in this study ( * In a subsequent study,28 it was found that compound F also elicited lipemia, hypercholesterolemia hormone-induced increases in plasma total cholesterol and lipid phosphorus were proportional, hence the plasma total cholesterollipid phosphorus (C/P) ratio was not altered. Cortisone and the lower dosage of regular corticotropin were without influence on plasma lipids. and hyperphospholipemia in chicks fed a diet of plain mash, devoid of any cholesterol supplement. of corticotropin on these functions were not studied.
All experimental (hormone-treated) groups exhibited levels of feed intake equal to or in excess of their paired controls. Nevertheless, hydrocortisone markedly depressed rate of weight gain. Cortisone and corticotropin exerted this effect only minimally.
In conjunction with the moderate hypertension they developed (table 4), the cortisonetreated cockerels had an increase in the ratio, heart weight-body weight. This phenomenon was not present in the corticotropinor hydrocortisone-treated birds studied.
All three hormones, particularly cortisone, tended to have androgenic and/or gonadotrophic effects, as indicated by comb size indexes and testis weights in relation to body weights. Unexpectedly, neither cortisone nor hydrocortisone induced significant adrenal hypoplasia. The smaller dosage of corticotropin (series BC 11) did not effect definitive adrenal hyperplasia; no adrenal weight data were collected in series BC 19. Limited observations indicate no clearcut trend with respect to the influence of these hormones on thyroid weight.
DISCUSSION AND CONCLUSIONS
Despite their significant physiological effects, neither compound F nor corticotropin intensified aorta or coronary atherogenesis. Under these experimental conditions in chicks, therefore, neither hyperadrenocorticism nor steroid diabetes nor steroid-pancreatic diabetes was a gross aggravator of experimental cholesterol-induced atherogenesis. t These findings-unanticipated against the background clinical facts of intensified atherogenesis in man with hyperadrenocorticism and/or diabetes-are further noteworthy in view of the fact that these hormones effect a gross intensi- itself, maximally atherogenic, thereby masking any hormonal propensity to intensify atherogenesis (with respect to this possibility, see the preceding footnote). Alternatively, the particular pattern of hydrocortisoneand corticotropin-induced enhancement of lipemia may account for absence of aggravated atherogenesis; e.g. the pattern of plasma total cholesterol-lipid phosphorus (C/P) ratios (which did not rise under hormonal influence) or the pattern of plasma lipoprotein classes. A third hypothetic explanation is that local corticoid effects on the arterial wall29-37 may have afforded counter-protection to any atherogenesis-intensifying effect possibly resulting from the corticoid influences on lipemia. Finally, it is possible that the specific effects on other endocrine organs, elicited by hydrocortisone or corticotropin exhibition,30 may act to prevent aggravation of atherogenesis despite increase of lipemia. Obviously, the data of the present experiments do not afford any basis for scientific choice among these and other possibilities. In contrast to compound F and corticotropin, cortisone apparently intensified both coronary and aorta atherogenesis, without significantly influencing lipemia or other metabolic functions in this avian species. It may be that this intensified atherogenesis induced by compound E was--as would also appear to be the case with desoxycorticosterone acetate (DCA)8s 9 a resultant of the moderate steroid-induced increase in blood pressure. Both experimental and clinical atherogenesis are apparently related intimately to the overall metabolic state of the organism. Hence, it was deemed essential in these experiments to delineate some of the specific metabolic effects of these hormones in this avian species, in the hope that light might thereby be cast upon the mode of their action in atherogenesis. As already indicated, hydrocortisone had marked physiologic activity in chicks, whereas cortisone was relatively inert.* Thus, moderate * In contrast to its activity in mammalian species,29-3 cortisone failed to exert a gross influence on carbohydrate, lipid, electrolyte or protein metalolism in chicks. The major physiologic effect observed was androgenic and/or gonadotrophic. The doses of compound F in contrast to compound E-elicited multiple evidences of marked hyperadreonocorticism in cockerels. These in-(luded alterations in electrolyte, lipid, carbohydrate and protein metabolism, biochemicalphysiologic effects which were, for the most part, similar to those elicited in mammals (including man) by the 11, 17-oxysteroids.29-41t Corticotropin in large doses also produced moderate hyperadrenocorticism in chicks. 42 The metabolic alterations induced by corticotropin, particularly the increase of lipemia, resembled those effected by hydrocortisone, suggesting that compound F was a significant (omponent of the steroid moiety endogenously secreted by the corticotropii-stimulated adrenal cortex of the bird. Similarly, strong evidence is available that hydrocortisone is a major physiologic secretory product of the adrenal cortex of mammals, including mail.38-41,43-48 Thus, it would appear that there are more similarities than differences between avian and mammalian species in the endocrinology of the adremal cortex.
The finding that corticotropin and compound F increased lipemia, hypercholesterolemia and hyperphospholipemia in cholesterolfed chicks is in accord with data collected by others in rabbits49--3 ad(1(in some cases) in man.3as :9, [54] [55] [56] These recent observations represent significant additions to the meager knowledge of (orticoid influences on lipid metabolism, an aspect of adrenal cortical physiology that has received only limited attention..29-:6. :,7-0:, Little is known about the mechanism of the lipemia induced by 11,17oxysteroids. It has been shown that the pituitary-adrenal system plays an important part in the mobilization of depot fat to the liver. 60 Further, it has recently been demonstrated that cortisone increases the rate of incorporation of acetate into cholesterol by biochemical basis for this difference between mammalian and avian species is not presently apparent.
It may be related to (lifferences between avian and mammalian organism in albility to convert exogenous cortisone into hy(lro(ortisone.4 '1 1 As in manuneals, the mineralo-corticoid desoxycorticosterone grossly influenced only water and electrolyte metal)olism in chronic experiments in chicks.4' S 9 the perfused rat liver,61 whereas 
